Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Introduction
Foreign direct investment (FDI) inflows, most of which are mergers and acquisitions have increased all over the world and inflows to Germany have more than tripled within ten years to reach a volume of 334 billion € in 2004 (Deutsche Bundesbank 2006 . Governments all over the world spend a lot of effort on attracting inward FDI, although empirical results regarding the host country welfare effects are mixed (see Lipsey and Sjöholm 2005 for an overview). These empirical approaches usually relate labor or total factor productivity of local firms to foreign ownership or to the presence of foreign investors in the same sector or region. Positive coefficients for the FDI measure are then interpreted as evidence for technology spillovers.
Many studies comparing productivity of domestic and foreign-owned firms indeed find that firms with foreign ownership outperform domestic firms (e.g. Arnold and Javorcik 2005, Harris and Robinson 2003, to mention a few).
However, recent work has cast doubt on the direction of causality -because of simultaneity and correlation of foreign ownership with characteristics that are unobserved by the researcher -and argues that the effects of previous studies are at best overestimated (Benfratello and Sembenelli 2006) . In addition, differences in productivity are only a very rough measure of technological performance. As the main result of technological progress and innovation are new and improved products not all relevant advances might show up in an equation that relates value added to input factors. Hence, a more adequate way is to look at innovation indicators and to evaluate the impact of foreign takeovers on innovation input, i.e. expenditures for research and development (R&D) or innovation activities, and innovation output, i.e. product and process innovations, in target firms.
There are reasons to predict that firms might benefit from the participation of foreign firms. First, economic theory explains the existence of multinational enterprises by ownership of firm specific assets which are necessary to overcome the large sunk costs that arise when a foreign market is entered. Theoretical models predict and empirical studies confirm that firms that engage in international activities hold a productivity advantage compared to their local competitors and their competitors in the host country. Specifically, Helpman et al. (2004) show in a theoretical model, that firms conducting FDI are more productive than firms that just conduct exports or operate solely on the domestic market. These findings are also confirmed by some empirical studies. Analyzing German firm level data, Arnold and Hussinger (2006) and Wagner (2006a) find that the productivity distribution of multinational enterprises is superior to that of domestic firms.
Second, FDI has been identified as a potential channel for international technology diffusion (Veugelers and Cassiman 2003) . A theoretical approach of Markusen (1995) argues that firmspecific assets in multinational enterprises (MNEs) have a public good character within firms and that technology is transferred across countries from MNEs´ headquarters to their affiliates.
Empirical studies, such as Le Bas and Sierra (2001) and Pantel and Vega (1999) find that multinational enterprises often invest abroad in technological areas in which they are strong in their home country, which suggests that firms might benefit from being acquired by a multinational enterprise.
From a theoretical point of view, the relationship between research and development and foreign direct investment is unclear. MNEs' affiliates might benefit from technology transfer from their parents, which reduces the incentives to perform R&D activities (Hughes 1986 , Kumar 1987 .
Further, there is evidence that most firms tend to locate their R&D activities close to their headquarters and their main corporate production unit (Howell 1984) . It is usually argued that this is due to the long term strategic importance of R&D and the aim of managers to track these activities. In addition, mergers and acquisitions are likely to result in cost saving activities (Jensen 1986) . They may also lead to organizational complexity and favor organizational structures with higher financial controls which imply a lower R&D intensity (Hitt et al. 1996) .
This argument might especially matter for cross-border deals because of differences in corporate culture. However, Lall (1983) points out that the transfer of new technologies that is often associated with FDI might stimulate R&D activities, because knowledge is necessary to implement a new technology and to adapt it to the local production process.
Foreign ownership might also affect a firm's innovation output. From a theoretical point of view the effect of foreign ownership on a firm's innovation output is ambiguous. On the one hand there might be a technology transfer from foreign parents to their affiliates (Markusen 1995) , if foreign parents want to exploit their firm-specific assets in the host country. On the other hand, Dunning and Narula (1995) find that technology seeking can also be a motive for FDI and Watts (1981) argues that innovations might be exploited mainly in the region where ownership is located rather than in the region where the innovation took place.
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The purpose of this paper is twofold. First, it analyzes in which direction foreign takeovers affect R&D activity. Second, it evaluates whether there is an effect on innovation output in target firms. The paper is organized as follows. In section 2, previous research on foreign ownership and innovation is discussed. Section 3 provides a description of the data, section 4 describes the empirical model. Results of the empirical analysis are presented in section 5, section 6 concludes.
Previous Research
Several attempts have been made to analyze differences in innovation activities between national and foreign-owned firms empirically. Lofts and Loundes (2000) find that there is a weakly positive relationship between innovation intensity and foreign ownership in Australian companies. Bishop and Wiseman (1999) analyze a sample of British producers of military goods and find that there is no direct relation between foreign ownership and the propensity to innovate, but an indirect negative effect, because it reduces the probability that a firm performs R&D activities. In contrast, Love et al. (1996) provide evidence that foreign-owned firms in Scotland are more innovative. analyze the effect of foreign ownership on innovative activity using CIS data for northern European countries. Their results indicate that domestic firms do hardly differ from foreign-owned firms with respect to innovation input, innovation output and productivity. Balcet and Evangelista (2005) compare multinational and national firms in Italy. Once they control for firm and sector characteristics, multinational and domestic firms differ only in their innovation strategy but not in their innovation intensity. Sadowski and van Beers (2003) find that multinational affiliates in the Netherlands are more likely to introduce new products than domestic firms, but that there is no difference in the propensity to introduce drastic innovations. Griffith et al. (2004) compare the R&D intensities of foreign-owned firms, multinationals with domestic headquarters and purely domestic firms across sectors. The results show that foreignowned firms are less R&D intensive than domestic firms, but are across all sectors equally or more R&D intensive than firms that operate solely on the domestic market.
Erdilek (2005) shows that foreign-owned firms in Turkey have a higher propensity to perform innovation activities as well as a higher R&D intensity. Castellani and Zanfei (2004) compare innovation activities of national, multinational and foreign-owned firms for a sample of mostly 7 large Italian firms and report a positive correlation between foreign ownership and R&D. None of these studies distinguishes between Greenfield investments (newly founded firms or production units) and foreign takeovers. Further, they treat foreign ownership as exogenous.
Thus, they only measure a correlation between foreign takeovers and innovation in the presence of unobserved factors that influence foreign takeovers and innovation efforts.
Bertschek (1995) estimates a positive relationship between a firm's propensity to introduce new products and processes and the market share of foreign-owned firms in the same industry for a sample of German manufacturing firms. The data set used in this study does not allow for a distinction between Greenfield investments and foreign takeovers. Blind and Jungmittag (2004) confirm the result for industry-level FDI, but estimate a negative correlation between foreign ownership and the propensity to innovate for German service firms. As they do not control for innovation input, it is not clear whether this result is due to lower R&D efforts or a lower innovation success. Bertrand and Zuninga (2006) find that cross-border mergers and acquisitions had no impact on an industry's R&D intensity in the host country on average, but a positive impact on R&D intensity in medium tech industries. Since their empirical model is estimated at the industry level, the researchers cannot distinguish between the impacts on target firms and the impacts on non-merging competitors. Hence, it is not clear whether the results are driven by the aggregation of firms within industries. Criscuolo et al. (2005) estimate "knowledge-production functions" controlling for firms´ international activities. Dependent variables are the introduction of new products and processes and the share of sales that is generated with product innovations. They find that exporters, as well as multinational enterprises and firms with foreign ownership generate more knowledge conditional on R&D intensity and some other control variables, but this effect disappears when they estimate fixed effects for two cross-sections. Wagner (2006b) confirms the positive correlation between innovation output and international activities using survey data for German firms. Almeida and Fernandez (2006) find that majority foreign-owned firms have a lower probability to introduce new technologies in developing countries, but minority foreign-owned firms display a higher probability than domestic firms, after controlling for several additional characteristics such as industry, firm size and engagement in international markets. They do neither control for innovation input nor for endogeneity of foreign takeovers. 8 Johansson and Lööf (2005) compare the innovation intensity between domestic multinationals, foreign-owned firms and domestic firms using a cross section of Swedish firms, using regression models and nearest neighbour matching. Their regression analysis uses a foreign ownership dummy that is treated as exogenous. Furthermore, they use a matching technique to identify differences in the mean values of various innovation activities, where the control group consists of firms that belong to a national group. In a methodological similar paper, Falk and Falk (2006) find that foreign-owned firms in Austria have an innovation intensity that is about 30 to 40 per cent lower than the innovation intensity of national firms. Yet, this approach only measures a causal effect if selection into multinational enterprises happens solely on the basis of observable characteristics or if differences in unobservable characteristics of the treatment and the control group do not affect the outcome measure (Heckman et al. 1993 ).
This assumption of conditional independence is very restrictive, though. It is difficult to support this assumption, since the cross-sectional nature of the data does not even allow the researchers to control for time-invariant unobserved heterogeneity. Consequently, both studies compare foreign-owned firms to national firms and do not directly asses the impact of foreign takeovers.
All in all, the results regarding the relationship between foreign investors and innovation are very mixed and usually there is no adequate assessment of the counterfactual situation, i.e. the question how innovative a domestic firm would be, if it was foreign-owned, and vice versa. This deficiency will be addressed in our own contribution by using an empirical approach that explicitly controls for the endogeneity of foreign takeovers.
Data and descriptive statistics
The data used in this paper come from two different sources. The first data set is an annually repeated survey, the "KfW-Mittelstandspanel", which is representative for German firms with up to 500 million € annual sales. This survey is conducted by "KfW Bankengruppe" in Germany.
For a detailed description see Reize (2004a) . The different waves contain 10,000-15,000 observations respectively, corresponding to a response quote between 15 and 21%. The "KfW-Mittelstandspanel" includes information on firms´ investment and innovation activities as well as firm characteristics, such as the number of employees and sales for the current and the previous year, share of skilled employees, industry, finance etc. Regarding qualitative innovation indicators, firms are asked whether they performed innovation activities and whether they perform own R&D activities. More specifically, they are asked whether they were engaged in 9 continuous or occasional R&D activities in the last 3 years. Further innovation indicators are successful product and process innovations and whether these innovations were new to the market. Quantitative innovation indicators are two measures of R&D intensity -the share of R&D in total sales and the percentage of work time spent with R&D -and the share of sales from product innovations in total sales. Only the waves including information for the years 2002 and 2004 are used, since innovation indicators were not surveyed for the year 2003.
The second data set used is the AMADEUS database, a database that provides information on financial data as well as ownership and subsidiary information for European firms, including more than 812.000 German firms. 2 Ownership information includes the country of origin, the type of shareholder (private investor, bank, industrial company etc.) and the percentage of equity held by each shareholder. There is a specific shortcoming of this database which affects most empirical studies using it: While balance sheet data is available for up to ten years, ownership information is only available at one point in time. Hence, most empirical studies using the Foreign ownership is defined as follows. At least one foreign investor holds ten or more percent of equity via direct or indirect participation, e.g. through a holding company. The 10% threshold is in line with the OECD benchmark definition of FDI (OECD 1996) and is standard in the economic literature for analysing FDI spillovers. However, there are only few firms with foreign ownership in the sample that are not majority owned. In 92% of all firms with foreign ownership in the sample one foreign investor holds at least 50%, while in 98% of these firms one foreign investor holds 25% or more. 57% of these firms are wholly owned foreign subsidiaries. Hence, the impact of minority foreign ownership as well as the acquisition of minority shares is not analyzed further.
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A firm that was subject to a foreign takeover is defined as one with foreign ownership in the current year but not in the initial year. Thus, it is possible to estimate the impact of foreign takeovers and not the effect of foreign ownership per se, since Greenfield investments are excluded by this procedure. The reason to exclude Greenfield investments is that there is no reasonable definition of a counterfactual situation. These firms would not exist, if they were not founded by a foreign investor, hence it does not make sense to predict innovation activity or any other outcome measure for the case they were not foreign-owned. After deleting observations with missing values in the variables of interest as well as firms that had foreign ownership constantly, some 7,000 observations are left for the analysis. The overall number of firms that were acquired by a foreign investor is 210 in the combined data set, but is reduced to 185 in the final sample used for estimation. Table 1 shows some summary statistics for national and foreign-owned firms including all variables that are used in this paper. Foreign-owned firms are engaged in R&D activities considerably more often than national firms. Some 49% of all foreign-owned firms have spent a positive amount on R&D activities, which is almost twice the share of national firms. The same is true of the share of firms that engage in R&D continuously, as well as of the average share of R&D in total sales. Regarding innovation output we see that a higher percentage of foreignowned firms have introduced new products and processes and have a higher share of sales from product innovations. But also other characteristics which are probably positively correlated with innovation, like average human capital, capital intensity and firm size, are on average higher in these firms. To provide a comprehensive portrait of market structure tables 2 and 3 show the share of FDI firms across sectors and size classes, respectively. The share of foreign takeovers is considerably above average in R&D intensive manufacturing industries like vehicle construction and precision instruments as well as in bigger firms. To analyze the impact of a foreign takeover conditional on observable as well as on unobservable characteristics, a multivariate analysis is performed in the next section.
Empirical strategy

Empirical model
A model that accounts for both structural zeros and endogeneity is specified to evaluate the impact of foreign takeovers on innovation. Structural zeros arise because a lot of firms report zero R&D expenditures and endogeneity arises from the fact that unobserved factors that 11 influence R&D activities might also affect the propensity of a foreign takeover. The approach accounts for the fact that the determinants to perform R&D or innovation activities might be different from the determinants of the actual R&D expenditures. As an example, it is a stylized fact, that the probability of doing R&D rises significantly with firm size, but R&D intensity is usually not affected by firm size (Cohen and Levine 1989) . Also, the impact of foreign investors on R&D expenditures might be different from the impact on the decision to engage in R&D.
The empirical method builds on a framework for analyzing the determinants of innovation input and output that was originally proposed by Pakes and Griliches (1984) and further developed in Crépon et al. (1998) . The so called "CDM"-model was applied and partly modified in further studies (e.g. Janz et al. 2004, Lööf and Heshmati 2006 to mention a few). 3 The original model consists of four equations that relate productivity to innovation output, innovation output to a firm's R&D expenditures and R&D expenditures as well as the propensity to engage in R&D to various firm and market characteristics. In the first step we focus on R&D expenditures. The determinants of R&D expenditures are usually estimated as a generalized tobit model. To evaluate the effect of foreign takeovers on innovation effort, in our approach the generalized tobit model is augmented with an FDI equation:
Equations (1) and (2) specify two latent variables that determine the propensity of a foreign takeover and the probability to engage in R&D. FDI takes the value of 1 if firm i was acquired by a foreign investor, while equation (2) models the propensity to engage in R&D: I equals one for firms that engage in R&D. In addition, alternative specifications are employed, e.g. the propensity to be engaged in continuous R&D. Equation (3) determines the height of innovation input, which is defined as the logarithm of R&D expenditures per employee.
The error terms of the three equations are assumed to be jointly normally distributed with zero means and are allowed to be freely correlated, which yields the following variance-covariance matrix:
The variances of i u and 1 ε i are normalized to one for identification.
A problem that is addressed by this specification is that FDI is potentially endogenous in both equations where it appears as a regressor. Unobserved shocks that affect future profitability and the returns to innovation will also affect the profitability of a foreign takeover. Further there is evidence that acquisition of innovative assets can be a motive for cross-border mergers and acquisitions (Frey and Hussinger 2006) . Thus, some kind of simultaneous or two-step estimation of the equation system is necessary. Since two-step estimators are generally less efficient and adjusting standard errors in two-step estimation with a bivariate selection rule is very cumbersome, the model is estimated by full maximum likelihood. 4 Identification requires at least one variable that appears in i w but not in 1i x or 2i
x . Further, the model is only poorly identified if there are no variables that appear in equation (2) but not in (3), since in that case identification critically hinges on the functional form.
In addition, the model is only consistent if a recursive structure is imposed (Maddala 1983 (1) and (2) The survey questions underlying these variables refer to cooperation with firms and institutions in general and not to cooperation on R&D as in CIS innovation surveys. Hence they do not imply but might affect the probability of engaging in R&D as shown by Zimmermann (2004) . 8 The results of the empirical model were robust to a more narrow definition of industries.
15 number of firms from the current to the previous year. Information about total sector sales and competition is taken from register data. 9
Recent work on innovation and firm performance often includes variables capturing the effect of engagement in regional and international markets such as an export share or the share of sales that is generated in a specific region (see e.g. Lööf and Heshmati 2006) . These are not included in this paper though, because they are likely to be endogenous, too. As they are not available as lagged values, there might be reverse causality from FDI and innovation to engagement in international markets. Furthermore, it is usually found that innovation spurs export activity but exports do not affect innovation (see e.g. Ebling and Janz 1999) . However, the estimation results regarding the impact of foreign takeovers were not sensitive to including or excluding these variables.
The innovation literature stresses the importance of internal financial capabilities for financing innovation expenditures (see e.g. Carpenter and Petersen 2002 or Czarnitzki 2006 for recent work on this topic.) The reason is that there is information asymmetry and moral hazard in imperfect financial markets. These problems are probably more severe with regard to R&D expenditure than to tangible investments, because of the highly volatile outcome of R&D.
Therefore, two dummy variables representing internal financial capabilities are added to the selection equation. One is a dummy variable that takes the value of one, if the firm has financed part of its tangible investment by equity capital in the past as well as a dummy variable that takes the value of one, if the firm had received public funding since 1997 (regardless of the source and purpose) is included. These variables are expected to be inversely related to a firm's financial constraints and thus are expected to have a positive effect on a firm's innovation decision.
A priori, there are no good reasons to assume that a variable that determines the decision to innovate does not influence the height of expenditures. When running the regression with the same variables in equation (2) and (3) the coefficients for public funding and equity financing where insignificant in the R&D expenditure equation. This is in line with other empirical findings, e.g. Bond et al. (1999) find that cash flow affects the propensity to engage in R&D but not R&D intensity. Hence, these variables were excluded from equation (3). Although the financial variables refer to past behaviour, endogeneity of these variables cannot be completely 16 ruled out. But the estimated impact of foreign takeovers was not sensitive to excluding these variables.
A problem that naturally arises in R&D equations is that of double counting (Schankerman 1981 For identification of the foreign ownership equation (equation 1), an exclusion restriction is needed, i.e. a variable that determines the propensity of a foreign takeover and neither the decision to innovate nor R&D intensity. Firm and market characteristics that account for future profitability of target firms probably also determine the profitability of innovation input, so they cannot be excluded from any equation. There is evidence that distance matters for FDI decisions (Blonigen 2005) . For manufacturing firms that act in a global network, transport costs might matter in the decision which firm to acquire. Further and maybe more important the (marginal) costs of transmitting tacit knowledge increase with distance (Blanc and Sierra 1999) as well as the cost of monitoring (Degryse and Ongena 2005). In addition, the smaller the distance between investor and potential target firm, the higher is the probability that the investor eliminates a competitor on the same market.
Therefore, a dummy variable for border regions is added to the FDI equation. This is a reasonable proxy for distance since a substantial amount of foreign shareholders (above 50%) is located in Germany's neighbour countries, especially in the Netherlands, Switzerland and Austria (see table 4 ) and more than 15% are located in countries that have a low distance to Germany such as Sweden, the United Kingdom and Italy. 10 But even investors from overseas may have an incentive to acquire firms in border regions if they also have subsidiaries in neighbour countries. Border regions were identified by merging the firms´ postal codes with county districts. Although there might be regional differences in innovation activities, these should be mainly due to industry and firm size composition. Recent research casts serious doubt that local interactions affect knowledge flows and innovation (see e.g. Marinai and Giuri 2007).
Hence it seems reasonable to exclude the border dummy from equations (2) and (3) 
Results
In table 5 estimation results of simple regressions for innovation activities that do not account for the possible endogeneity of FDI are presented. These results serve as a benchmark for the more sophisticated methods described in the recent section. Column one shows estimation results for the R&D intensity of firms that engage in R&D. In column two the probability of engaging in R&D is estimated by a probit model and column 3 shows estimation of an ordered probit model with known thresholds (interval regression) for the determinants of the share of innovation sales in total sales. It shows that after controlling for standard covariates there is no significant difference regarding R&D intensity between foreign and domestic firms. But foreign-owned firms have a higher share of innovation sales in total sales conditional on R&D intensity. Since there are probably unobserved factors that influence foreign takeovers as well as firm performance and innovation activities these results should only be interpreted as descriptive evidence. Table 6 shows the results for estimation of equations (1)-(3), that control for endogeneity and selection bias. The coefficient for foreign takeover is highly significant and negative in the selection equation. The marginal effects is about minus 23 per cent regarding the propensity to spend a positive amount on R&D in the current year. 11 Thus, it seems that foreign firms tend to relocate R&D facilities to their headquarters rather than to stimulate further R&D. An alternative interpretation is that foreign takeovers lead to rationalization and thus to a reduction of R&D activities in target firms. Also, a negative impact can be observed for the R&D intensity given the firm is engaged in R&D. A foreign takeover reduces R&D expenditures per employee by about 60% percent for these firms. 12 The estimated impact is higher as in other empirical studies; e.g. Falk and Falk (2006) estimate a difference of minus 30 to minus 40 per cent. However, they use a cross section where they cannot distinguish between Greenfield investments and foreign takeovers and do not control for unobserved heterogeneity. A further explanation for our findings is that foreign takeovers aim to acquire technologies in target firms rather than to exploit and transfer existing knowledge. This is in line with Grimpe and Hussinger (2007) who argue that mergers and acquisitions are often conducted to avoid competition in technology markets.
Innovation input
Interestingly, Frey and Hussinger (2006) show that technological relatedness of acquirer and target is a significant determinant of cross-border deals but does not affect the propensity of domestic deals.
The coefficients for the other variables are plausible. R&D expenditures rise less than proportionally with firm size, while the propensity to perform R&D activities rises with firm size. This contradicts with one of the stylized facts in Cohen and Levine (1989) that states that R&D intensity rises monotonically with firm size, but is not implausible since this result has often been found for Germany (see e.g. Janz, et al. 2004) . 13 Both innovation propensity and R&D intensity are positively associated with human capital, physical capital intensity and market power of firms. Firms that cooperate with public institutions or with other firms as well as younger firms are more innovative. As expected, public funding and the dummy for ownresource financing increase the probability of engaging in R&D. As these variables were not significant if they were inserted in equation (3) they are omitted from this equation. The reason for the insignificance is probably that these variables represent rather basic requirements for R&D activities, which usually imply a high minimum size and fixed costs. Competition growth has a positive, but insignificant impact on the propensity to engage in R&D, but has a negative impact on the amount of R&D expenditures. The different sign of the impacts of competition on 11 See Greene (1996) for the calculation of marginal effects in the bivariate probit model. 12 Since the dependent variable logarithmic, the effect is calculated as (exp(δ)-1)x100%. Where δ is the conditional marginal effect. See Saha et al. (1997) for calculation of marginal effects in selection models. 13 It is sometimes argued that the relation between firm size and R&D has a U-shaped form, but there was no support for this hypothesis in this application. A possible explanation for this is that the dataset used is restricted to firms with up to 500 million € annual sales.
the decision to perform R&D and the intensity of R&D are plausible, since it is often argued that the relationship between competition and innovation is an inverted U (Aghion et al. 2002) . It was also experimented with the lagged market growth rate to control for demand effects, but it was never significant in any of the equations.
Turning to the results for the FDI equation (last column of table 6) we see that the probability of a foreign takeover is as expected significantly higher for firms that are located in border regions.
In addition lagged market power is a strong predictor for foreign takeovers while the growth of competition discourages foreign investors. Furthermore, larger firms and firms with a higher skill or capital intensity and younger firms are more likely to be subject to a foreign takeover.
The results show high and significant values for the correlation coefficients of the FDI equation and the two R&D equations. This implies that it is necessary to specify the equation system in this way. The positive signs of the correlation coefficients for the FDI equation and the two innovation equations indicate that unobserved factors that increase a firm's innovation effort also increase the probability of a foreign takeover and lead to an upward bias in simple regressions that do not account for the endogeneity of FDI. It seems that foreign investors tend to pick target firms with high unobserved innovation potential, hence the results of simple regressions may be misleading.
The reliability of the results crucially depends on the validity of the exclusion restriction. As the test statistics show the dummy variable for being located in a border region is positive and highly significant in the FDI equation. As discussed in the previous section, it seems reasonable to assume that being located in a border region is not systematically correlated with innovation input once we control for several firm, industry and market characteristics that might differ between regions. A further indicator for the validity of the exclusion restriction is that this variable was not significant if included in the R&D intensity equation or the innovation decision equation. 14 In Table 7 the selection equation refers to the probability of being engaged in R&D continuously.
The estimated marginal effect of a foreign acquisition on the probability to be engaged in R&D continuously is about minus 12 per cent. The effect of a foreign takeover on R&D intensity is insignificant if the R&D intensity equation is restricted to firms that are engaged in R&D 20 continuously. A reason for this result is probably that firms with facilities for continuous R&D, which are not completely relocated after the takeover, have a valuable knowledge stock which makes it less feasible to cut R&D activities. It seems that in firms that perform R&D continuously, foreign investors either cut or relocate R&D activities completely or they do not change the extent of R&D expenditures at all. Further, firms that are engaged in R&D continuously might organize their innovation processes more efficiently, thus there might be a lower potential for cost saving in the R&D activities of these firms. The results for the other variables are very similar to those presented in table 6. Because of the simultaneous estimation of the three equations there are minor changes to the coefficients in the FDI equation.
A potential problem of the estimated models is the possible endogeneity of some of the righthand side variables like market power, cooperation and the firm's skill structure. However, the results for the impact of foreign takeovers where not sensitive to the exclusion of any of these variables. Several other robustness checks were performed. One was to estimate the model only for incorporated companies, since most target firms are incorporated and there is some evidence that research activities might be generally different in managerial owned firms (Czarnitzki and Kraft 2004) . Another was to exclude all independent firms from the sample, since there might be a general effect of mergers or belonging to a group of firms (Hall, Bernd and Levine 1990) . In both cases the results do not differ remarkably, so the negative coefficient for a foreign takeover does not primarily estimate the effect of belonging to a conglomerate or a certain legal form. The reason not to restrict the analysis to incorporated firms a priori is that legal forms might be changed in advance of a merger or acquisition. Replacing the border dummy with an alternative proxy for distance, the inverse of the distance to border led to very similar results, but this measure is quite imprecise since only air-line distances and not true travel time can be taken into account. Hence, the specification with the border dummy was chosen as the preferred one.
Innovation output
Due to the cross-sectional character of the data, R&D expenditures and innovation output are observed in the same period and hence the estimation does not allow for a time lag between R&D expenditures and innovation output. But there is evidence that the main part of R&D expenditures is development with a quite short time horizon (Griliches 1998) . Therefore, most innovation studies relate innovation output to R&D expenditures in the current year. to firms that report to be engaged in R&D or to perform R&D continuously, but the results were less precise because of the low number of FDI firms that are both engaged in R&D continuously and introduced new products or processes.
All in all, the results suggest that target firms do not benefit from technology spillovers from multinational parents in form of a higher innovation output. Since the estimates are conditional on predicted R&D intensity there is no direct but an indirect effect from foreign takeovers on innovation output. This indirect effect is negative and stems from a reduction in R&D activities since the propensity to perform own R&D activities and the R&D intensity -at least for firms that do not perform R&D continuously -is significantly reduced by a foreign takeover.
Conclusion and discussion
Using a unique data set of German firms, that combines survey information on innovation characteristics with ownership information from a balance sheet data base, this paper examines the impact of foreign takeovers on innovation input and output in target firms. After controlling for simultaneity and selection bias as well as for standard covariates such as firm size, industry, market power, external knowledge sources and financial capabilities, the following results emerge. Foreign takeovers seem to have a large and significant negative impact on the propensity to engage in R&D in target firms. Given that a firm performs R&D, a high average negative impact on R&D intensity concerning all firms that are engaged in R&D, but no significant effect on firms that perform R&D continuously was found. The negative impact may result from rationalization and from relocation of R&D activities to foreign headquarters.
A reduction in R&D spending does not necessarily result in decreased welfare in the host country if rationalization of R&D leads to an increase in efficiency. However, conditional on R&D expenditures no significant impact of foreign takeovers on innovation output was found in the short run. Furthermore, the estimation results suggest that there is an indirect negative effect via reduced R&D activities. The results imply that expectations regarding positive impacts of foreign direct investment on local target firms should be scaled down. Further, the results imply that national R&D policy should concentrate on enhancing firms´ continuous R&D activities to make firms capable of competing in international markets and reduce the risk of R&D relocation in case of a takeover.
The main caveats of this study are the short time horizon and the discrete measurement of innovation output. On the one hand, restructuring by foreign-owned firms might take some time, until the target firm benefits from spillovers from the multinational parent. On the other hand, since innovation activities can act as an indicator for the future performance of firms this might be a minor problem of this study. In the current data set there is no continuous measure of innovation output. Further, there is only a discrete measure for process innovations, but no indicator for the success of process innovations analogously to the share of sales from product innovations. Nonetheless, since the estimated impact of FDI was not significant across three different measures of innovation output, the results suggest that target firms do not benefit from technology transfer in form of a higher innovation output.
The results of this paper highlight the importance of selectivity and endogeneity in analyzing the impacts of FDI and raise concerns that cross-border mergers and acquisitions are detrimental to technological progress in the host country. The possible negative effects on innovation activities should be taken into account when the welfare effects of FDI are evaluated, but the results should not be taken as evidence that FDI only has negative effects for the host country.
Greenfield investments in contrast to foreign takeovers may induce positive effects via increased competition as the results of previous empirical studies indicate (Bertschek 1995, Blind and Jungmittag 2004) .
It might be interesting to decompose the average effect of inward FDI to the degree of ownership (i.e. minority, majority or wholly owned) and to the type of investment, e.g. vertical versus horizontal FDI and financial investors versus industrial companies. In the sample used in this paper, the small number of foreign takeovers makes it infeasible to split the sample further and get reliable results. Future research should also account for the time series aspect in the innovation process by differentiating between short and long run effects of foreign takeovers and allow for a time lag in the impact of R&D spending and ownership change on innovation output. Czarnitzki, D. (2006) No. observations 1872 7040 6970 Notes: Standard errors are shown in parentheses. *** (**, *) denotes significance at the 1% (5%, 10%) level. All regressions include industry and time dummies. No. observations 7040 6849 6775 Notes: Bootstrapped standard errors are shown in parentheses. *** (**, *) denotes significance at the 1% (5%, 10%) level. All regressions include industry and time dummies. 
